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Mutating Lysophosphatidic-Acid-Receptor 4 in the Visual System of the Chick Embryo 
using CRISPR
Thomas Gonzalez (2023) Mentor: Dr. Eric Birgbauer
Abstract
Our research is trying to determine how axon guidance 
molecules help shape the visual system that we have today so we 
start at the embryonic stage where it begins. By working with an 
embryo that is somewhat similar to ours, we can further figure 
out how the system works and how our visual system builds 
itself. We are working to mutate the receptor that we believe to 
do a substantial amount of axon guidance by using CRISPR as a 
tool and then see how growth cones respond to LPA without 
Lpar4. Chicken eggs are used since we easily could take them out 
at embryonic ages in an artificial culture system in a cup. We 
have validated guide RNAs that can mutate chicken Lpar4 by 
using CRISPR. We will inject plasmids expressing these guide 
RNAs as well as Cas9 along with a tdTomato fluorescent tag into 
the developing embryonic chicken eye. After developing further, 
we dissect the chicken retina to see if retinal cells still respond to 
LPA with growth cone collapse in the absence of Lpar4. We have 
been optimizing injection and electroporation of plasmid DNA 
into early embryonic chicken retina. As well as dissecting, and
removing embryonic retina tissue to determine if our sample has 
transfected properly.  We have also been obtaining baseline data 
on growth cone collapse by different concentrations of LPA. 
Introduction
The visual system is developed throughout the embryonic stage 
and is dictated by axon guidance molecules that tell the growing 
fibers of nerve cells, axons, where to grow. The ends of axons, 
called growth cones, continuously sprout out (figure 3) or 
collapse (figure 4) based on the axon guidance molecules. 
Research has shown that lysophosphatidic acid (LPA) causes 
growth cone collapse, so it is hypothesized that it is an axon 
guidance molecule. LPA binds to specific receptors, known as 
Lpars of which there are at least five known. Previous research 
indicates that Lpar 1,2, and 3 are not required in mice for growth 
cone responses to LPA. Furthermore, Lpar5 is not expressed in 
retinal tissue, so our research has focused on Lpar4. Since Lpar4 
does exist in humans and in the embryos of chicks, then we can 
use chicken embryos to experiment on. Their embryos are easily 
removed from an egg and then placed into cups with a cradle of 
hanging plastic wrap in the center which would act as a 
makeshift egg that allows the embryo to develop in an 
environment similar to the egg so they can grow successfully.
Materials & Methods 
• Chicken embryos are incubated for 2 days at 39°C and then 
placed into cup hammocks (figure 1), and then placed into a 
39°C incubator.
• On day three, we inject a tdTomato expression plasmid, along 
with the dye Fast Green for visualization, into the subretinal 
space followed by electroporation to cause uptake of the 
plasmid. In figure 2 we see this as a green dye in the embryos 
eye.
• The embryos are further incubated until day six, when we 
dissect the chicken retina, cut it into small pieces and then 
isolate retinal pieces expressing the fluorescent tdTomato under 
a fluorescence microscope.
• These retinal pieces are cultured overnight on a PDL/laminin 
substrate in Hams’ F12 media with various supplements, 
including the growth factors CNTF and BDNF.
• Retinal cultures are treated for 10 minutes with various 
concentrations of LPA or control media and then fixed and 
stained with AlexaFluor 488 phalloidin.
• Retinal growth cones are examined under the fluorescence 
microscope and categorized as growing or collapsed based on 
morphology. 
Discussion
Currently we are optimizing the injection and retinal dissection protocols to obtain 
labeled retinal tissue and fluorescent tdTomato-expressing  growth cones for 
culture. The issue is the precise microinjection that must occur in order to have 
successful injections and transfections. On top of this, our embryos all have 
varying levels of viability. Some are smaller than others which makes it more 
difficult to inject and keep alive through the process. Once dissecting we then 
have to determine whether or not our embryo’s retinal tissue was successfully 
transfected, and then we need grow the retinal tissue on plates to be treated. 
Once given treatment we need to see whether we have successful LPA response in 
the culture. 
After optimizing, we will inject our plasmid expressing a guide RNA for Lpar4 along 
with a Cas9 plasmid to do a direct mutation to Lpar4 in retinal cells.  Then we can 
isolate and culture retinal explants containing Lpar4 mutations and analyze 
responses to LPA.  If Lpar4 is responsible for the growth cone responses to LPA, 
then  Lpar4 mutated growth cones will have no response to LPA.
After we get successful results in vitro, we can move onto in vivo work. We’ll be 
examining axon guidance to brain targets in the embryonic chick. We will inject 
our CRISPR and tdTomato plasmids into the retina, and then follow labeled 
mutated RGC axons to targets in brain and determine if there are errors in axon 
pathfinding when Lpar4 is mutated. 
Figure 1: A chicken embryo in our cup 
hammock at embryonic day 3 when 
we perform our injections. 
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Results
Figure 3: A continuously sprouting 
chicken retinal growth cone under 
control conditions.  
Figure 4: A chicken retinal growth 
cone that has collapsed after 
treatment with LPA.
Figure 2: A chicken embryo at 
day 3 having already received 
an injection into the eye. The 
circle and arrow indicate the 
eye. 
